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Evaluation  of  Blue  Silk/S«.?«  I.  Mark  4a  -  Part  II 


Performance  over  Various  Terrains  and  under 
Simulated  Operational  Conditions. 


A.  &  A.B.E.  Ref:-  S.1 70/Vh/Nav. 
M.O.S.  Ref:-  7/^/3002. 


Period  of  Trials:  September  -  December,  1955. 


Summary. 

The  report  on  the  first  phase  of  the  Blue  Silk/G.P. I.  4a  acceptance 
trials  has  already  been  issued.”'  This  report  covers  the  second  phase,  and 
consists  of  an  evaluation  of  the  performance  of  the  equipment  over  various 
terrains  and  under  operational  conditions,  and  of  the  Pilots  Track  Indicator. 

The  performance  of  Blue  Silk  via. a  quite  satisfactory  over  all  the  terrains 
tested,  except  over  particularly  steep  mountains.  The  equipment  was  satisfact¬ 
ory  when  used  tactically  in  the  height  band  250*  -  350’. 

The  accuracy  of  the  system  was  tested  on  long  single  track  flights  and 
during  tactical  search  pa.ttums.  On  the  long  single  track  flights  the  mean 
navigation  error,  (which  includes  that  attributed  to  the  compass) ,  was  just 
under  2  n.ms.  per  100  n.ms  flown  for  sorties  over  both  land  and  sea.  The  mean 
error  during  the  tactical  flights  was  approximately  2-g-  n.ms.  per  100  n.ms. 
flown. 


The  track  indicator  was  not  found  to  bo  of  great  value  in  its  present 
form,  except  for  tactical  flights  involving  many  changes  of  track. 

The  resolution  accuracy  of  the  G-.P.I.  4a  was  also  tested  on  latitude 
and  Longitude  presentation  during  simulated  runs  on  the  ground  and  was  found 
to  have  a  high  order  of  accuracy. 


This  Report  is  issued  with  the  authority  of 


Air  Commodore 
Commanding  A.  &  A.E.E, 
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1. 


1.1  The  Mini stry  of  Supply  requested  A.  &  A.U.-2.  to  carry  cut  oodbinod 
M.O.S. /Service  acceptance  trials  of  Blue  Silk/G.P.I.  Hk,4a  in  a  letter  Rof. 
7/^/3002  dated  16th  September,  1953.  It  was  decided  to  conduct  the  trial  in 
two  parts  as  f 0  Hows :  - 

(a)  Phase  I  -  Handling  and  Ba3io  Accuracy  under  ideal  conditions. 

This  was  the  subject  of  Report  No.  AAHS/Tech/l 22/Nav.  Part  I 
dated  30th  December,  1955. 


(b)  Phase  II  -  System  performance  under  operational  conditions  over 
various  terrains. 


1.2  Phase  II  of  the  trial,  which  forms  the  subjeot  of  this  report, 
took  heteicn  SthrScKUmber  and  7th  Dccomber  1955,  cn  which  date  the  trials 

aircraf  i/Wauie  auc 'for  *a  m*nor  inspection.  During  the  inspection  the  air¬ 
craft  was  found  to  be  suffering  from  corrosion  and  was  assessed  category  3 
(repair).  In  view  of  the  time  delay  involved  and  the  snail  amount  of  trials 
work  remaining,  it  wa3  decided  to  terminate  the  trial  at  this  point.  During 
Phase  II  of  the  trial,  the  equipment  was  flown  on  13  trials  sorties,  12  air 
tests  and  miscellaneous  sorties  for  a  total  of  108  hours  20  minutes.  The 
report  includes  a  brief  description  of  the  installation  and  calibration  of  tho 
trials  and  test  equipment,  followed  by  an  assessment  of  the  performance  of  the 
Blue  Silk/G.P.I.  4a/G4B  system  during  long  range  flights  over  various  terrains 
and  in  various  climates.  The  work  on  performance  in  turns,  initiated  in 
Phase  I,  was  continued  in  Phase  II  (but  not  completed  owing  to  the  airoraft 
unserviceability  mentioned  above)  and  is  examined,  together  with  performance 
during  typical  search  patterns. 


2.  Installation  of  the  Equipment. 

2,1  Operational  Equipment.  The  Blue  Silk  aerial,  transmitter/ receiver , 
tracking  unit,  paver  unit  and  discriminator  remained  in  their  original  position 
on  the  floor  of  the  rear  fuselage,  as  for  Phase  I  of  the  trial,  but  tho  Indioator, 
Mileage  Counter,  G.P.I.  .4a,  G4B  Compass  and  A.C.  and  A.G.C.  voltmeter  wore 
installed  in  a  more  suitable  position  on  the  navigator's  table  (FLg.  1).  The 
A.C.  voltmeter  monitored  the  output  from  tho  Type  103  Inverter  to  tho  Blue 
Silk  equipment  and  the  A.G.C.  voltmeter  gave  readings  related  to  the  strength 
of  the  received  signal.  The  latter  had  been  found  during  Phase  I  to  give  a 
better  warning  of  the  imminence  of  unlocking  of  the  equipment  than  the  red 
light  on  the  Indioator  Unit.  A  pilot's  Traok  Indioator  was  added  above  the 
1st  Pilot's  cockpit  coaming  (Fig.  2). 


2.2  Datum  Equipment.  For  tho  Phase  H  flying,  the  primary  consider¬ 
ation  was  for  fixing  accuracy  in  order  to  determine  tho  overall  system  error. 
Decca  was  used  wherever  possible  but  outside  its  coverage,  visual  pinpoints 
were  used,  (except  an  the  flight  between  Gibraltar  and  Lisbon  where  astro 
and  A.S.V.  fixes  had  to  be  enploycd).  As  the  majority  of  the  flying  was 
oairied  out  at  heights  be lcnv  2000  ft.  tho  error  in  pinpointing  by  an  observer 
in  the  bomb-aimer's  position  was  considered  insignificant  compared  with  tho 
length  of  each  leg  assessed.  The  Azimuth  Datum  Instrument  Mk,  22  was  used  as 
the  heading  datum  for  an  air  calibration  of  the  G4B  Cotrpass  and  alternated  with 
a  pcriscopic  sextant  as  a  heading  check  during  the  overseas  flights, 

3.  Alignments  and  Calibrations. 

3.1  Blue  Silk  Aerial  Alignments.  The  aerial  was  aligned  by  the  method 
detailed  in  Appendix  "F”  to  Report  No.  AA33/Tooh/l  22/Nav.  Fart  1,  and  tho  voltage 
output  through  tho  G.P.I.  and  Blue  Silk  asynn  transmitters  checked  before  the 
commencement  of  Phase  II  flying  and  betwoen  the  two  overseas  flights.  IXcring 
the  last  check,  the  G.P.I.  asynn  was  found  to  be  transmitting  an  error  of 
0.1^3  to  the  G.P.I.  and  this  error  was  removed.  It  was  oonsidored  unnecessary 
to  remove  errors  in  the  Blue  Silk  asynn,  (which  wore  0. 1 7  ,  and  0, 20°P 

respectively)  since  they  would  not  be  included  in  tho  Phase  II  aoouraoy  figures 
which  depended  solely  upon  comparison  of  tho  G.P. I*  reading  with  the  true 
geographical  position. 
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3. 2  Ponca 33  Calibrations. 

3.2.1  The  34B  oa.apn.3S  was  calibrated  on  six  occasions  as  follows :- 

Prior  to  first  overseas  flight  on  2.9,55.  (flight  No.  1) 

At  31  Aden  on  8.9,55. 

Prior  to  second  overseas  flight  on  26.10.55*  ( flight  No.  7). 

On  18.11.55  boforo  the  air  calibration  at  (o). 

Air  calibration  on  22.11,55. 

On  23.11.55  after  the  air  calibration  at  (o). 

3.2.2  All  ground  compass  calibrations  were  oarried  out  using  the 
sTatts  Saturn  Compass.  The  maximum  5C$  error  of  determination  of  deviation  on 
any  single  heading  avas  +.  0.10°,  The  graphed  deviations  for  the  calibrations 
listed  in  sub. Paras  3.2  (a),  (b)  and  (c)  arc  given  in  Tig.  3  and  those  far  sub. 
paras  3-2  (d),  (o)&(f)  are  given  in  Tig.  4.  The  results  of  the  calibrations 
arc  very  consistent,  and  the  reduction  in  the  residual  deviations  found  at  El 
Aden  oan  be  attributed  to  the  lower  magnetic  latitude. 

3.2.3  Results  obtained  in  Phase  I  of  the  trial  tended  to  indicato 
that  there  might  be  considerable  changes  in  the  value  of  deviation  between  the 
ground  and  air  conditions.  It  was  therefore  decided  to  carry  out  an  air 
calibration  using  the  Azimuth  Datum  Instrument  Mk.  2.  This  was  dcnc  on  22nd 
November,  1955,  and  ground  calibrations  were  done  on  18th  and  23rd  November 
for  comparison.  The  graphed  deviations  for  these  three  calibrations  are  shown 
superimposed  in  Tig.  4.  It  will  be  seen  that  the  three  curves  arc  similar  in 
shape,  but  that  the  maximum  value  of  deviation  in  the  air  is  less  than  that 
found  on  the  ground.  The  5C$  error  of  a  single  observation  of  deviation  for 
the  air  calibration  was  +_  0.1 6°. 

3.3  Alignment  of  the  Azimuth  Datum  Instrument.  The  A.D.I.  was  aligned 
with  the  aid  of  a  theodolite  as  in  the  Blue  Silk  basic  accuracy  trials 
(A.AiS/Tcch/1 22/Nav,  parr..  4«2).  The  'A'  correction  was  found  to  be  -39,69°, 
compared  avith  the  previous  figure  of  -39,72°.  However,  the  A.D.I.  mounting 
had  been  removed  from  the  hatch,  and  the  hatch  from  the  aircraft,  between  the 
two  calibrations. 

3.4  Alignment  of  the  Periscopio  Sextant  Mount.  This  avas  fitted  in  the 
rear  escape  hatch  when  the  A.D.I.  avas  not  in  use.  The  alignment  error  avas 
calculated  by  comparing  the  bearing  of  the  sun  from  the  aircraft’s  faro  and 
aft  axis,  as  measured  by  the  periscopic  sextant,  avith  the  same  angle  measured 
by  a  Tavistock  theodolite,  a  series  of  simultaneous  observations  being  made 
over  a  four  minute  period. 

4.  Conduct  of  Phase  II  Flying  ^Programme. 

4.1  Object  of  the  Plying.  The  flying  in  Phase  II  was  carried  out 
with  the  dual  objeot  of  obtaining  figures  for  the  overall  Blue  Silk/Cr.P.I,'4e/ 
G4B  system  accuracy  on  long  flights  in  conditions  as  near  as  possible  to  those 
likely  to  be  encountered  in  Coastal  Command  operations,  and  evaluating  the 
performance  of  the  equipment  over  vidoly  differing  types  of  terrain.  The  fly¬ 
ing  programme  therefore  included  a  number  of  long,  straight  flights,  represent¬ 
ing  the  cruise  from  baso  to  the  operational  area,  and  a  selection  of  shorter 
flights  over  the  sea  areas  around  the  United  Kingdom  when  tactical  search 
patterns  were  oarried  out,  A  brief  narrative  of  each  flight  is  included  in 
para.  5.3 

4.2  Choice  of  ft.?. I.  Presentation.  As  all  the  flying  in  Phase  I  had 
been  oarried  out  using  "llab  grid  presentation  on  the  G.P.I.  4a,  it  was  decided 
that  the  majority  of  flights  during  Phase  II  should  be  oarried  out  using  tho 
other  two  presentations.  The  "Along  and  .".cross  Track"  form  avas  therefore 
used  for  all  flights  consisting  of  one  straight  leg  or  of  return  flights 
along  tho  same  straight  leg.  Latitude  and  longitude  presentation  was  used  cm 
all  other  flights  exoopt  for  the  Arotio  sortie,  when  "grid"  was  used  in  oon- 
junotion  avith  normal  grid  navigation  procedure  on  a  Lambert  Conformal  plotting 
chart. 
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5. 1  Accuracy  on  Iona  single  traok  lop; a, 

5,1.1  Overall  3yst.cn  -.,ocuraoy.  Blue  Si  Lk/G. ?. I, 4a/G4B  syataa 
errors  "/era  obtained  on  all  straight  logs  whoro  the  equipment  remained  sorvioo- 
ablc  between  two  positive  fixos.  Calculations  of  all  the  system  errors  given 
in  Tables  1  and  2  were  corrected  for  the  change  in  length  of  a  minute  of 
latitude  v/ith  change  of  latitude  and  also  for  the  effect  of  aircraft  altitude. 
For  normal  maritime  operations  the  error  duo  to  the  aircraft's  height  Is 
negligible  and  nay  generally  be  ignored.  For  example,  oven  at  5,000'  the  orror 
induced  in  a  flight  of  1,000  n.ns,  would  only  be  of  the  order  of  ^  rum.  In 
addition,  the  errors  for  flight  1 0  were  corrected  for  G, ±\ I,  resolution  orror 
obtained  from  Table  4.  The  errors  for  all  the  legs  calculated  over  both  land 
and  sea  are  given  at  Table  1  below.  The  mean  values  given  in  this  table  aro 
therefore  the  figures  that  are  likely  to  be  encountered  in  varying  oonditions 
over  both  land  and  sea. 


Table  1 


Blue  Silk/G«?.I.4a/G4B  System  Errors  -  Straight  Legs  -  All  Flights. 


Flight 

No. 

Leg 

Dist. 

N.M. 

Typo  of  fixing 
Aid  Used. 

Along 
Traok 
Error  % 

Across 
Traok 
Error  0 

Radial 

Error 

# 

1 

Start  ?t,  - 
Porto  Santo 

1170 

Dacca  &  Visual 

-1.65 

0.543 

1.89 

Porto  Santo  - 
Gibraltar 

557 

Visual 

0.30? 

1.41 

3 

El  Aden  - 
Ft.  Loelerc 

574 

— 

-0.01 

0.57? 

jjHRSjj 

Ft.  Lee lore  - 

El  Adorn 

574 

Visual 

0.10? 

0,26  J 

4 

El  Ad  era  -• 

Marsala 

HI 

Visual 

1 

1.60? 

MM 

mmm 

Marsala  - 
Gibraltar 

360 

Visual 

-1.02 

0.92? 

SUB 

5 

Gibraltar  - 
Porto  Santo 

_  J5 7 

gm 

0.53S 

2.10 

Porto  Sarito  - 
4147N  100617 

6  oo 

A.S.V.  &  Astro 

.  +3*00 

0.90? 

iHl 

6 

C.Carvooiro  - 
Start  !?t. 

wm 

Visual  &  Dcoca 

+0.53 

1.33? 

2.38 

m 

Inishtrahull  - 
Keflavik 

692 

Decoa  &  Visual 

-1.93 

0.51P 

2.12 

10 

Boscorabe  Down 
Herdla 

612 

Decoa  &  Visual 

Ml 

0.09? 

lEiiii 

Herdla  - 
Boscorabe  Down 

610 

Visual  &  Decoa 

+1.22 _ 

Mean  Along  Track  Error  All  Runs  -0.21# 

5C#  Soatter  with  respect  of  Moan  ±1.0Qf 

Moan  Aoross  Track  Error  all  Runs  0.42®? 

5 dS  Soattar  with  rospoct  to  the  Moan  A0#50° 

Mean  Radial  Error  All  Runs  1  ■  81$ 

5QS?  Scatter  with  respect  to  the  mean  —0,7285 
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5J.2  Systcn  Acouraoy  -  Sea.  In  order  to  derive  figures  for  system 
accuracy  when  flying  solely  over  the  sea.,  the  errors  for  logs  entirely  over  tho 
soa  and  those  parts  of  other  legs  which  were  over  the  sea  have  been  segregated 
and  are  shown  in  Table  2.  The  moan  radial  error  for  these  long  flights,  of 
2.18$,  oonpares  with  tho  figure  of  2.10$  obtained  during  Phase  1, 

Table  2. 


Blue  Si  Up/ G.  ?« 1. 4a/ G4B  Syston  3rrors  -  Straight  Legs  -  Sea  Only. 


Plight 

No. 

Leg 

Dist. 

N.M. 

Type  of  Fixing 
Aid  Used. 

Along 
Track 
Error  $' 

Across 
Track 
JSrror  0 

Radial 

Error 

$ 

1 

Start  Pt.  - 
Porto  Santo 

1170 

Decca  &  Visual 

.  -1.65 

0.54S 

1.89 

Porto  Santo 
Gibraltar 

557 

Visual 

-0.19 

0.30P 

1.41 

4 

Marsala 

255 

Visual 

— 

-1.48 

1.80? 

3.47 

Marsala  - 
Gibraltar 

360 

Visual 

-1.02 

0.92? 

1.37 

5 

Gibraltar  - 
Porto  Santo 

557 

Visual  &  A.S.V. 

-1.85 

0.53S 

2.10 

Porto  Santo  - 
4147N  100617 

600 

A.S.7.  &  Astro 

+3.00 

0,90? 

3.39 

6 

C.  Caroeveior  - 
Start  P, 

697 

Visual  &  De#ca 

+0.53 

4.33? 

2.38 

7. 

Inishtrahull  - 
Xeflavik 

692 

Decca  &  Visual 

-1.93 

0,51? 

2.12 

10 

5347N  000217  - 
Hcrdla 

446 

Dcoca  &  Visual 

+1.06 

0.36? 

1.22 

Herdla  - 
5339N  *01(1! 

445 

Visual  &  Decca 

+1.34 

0.83S 

1.98 

Mean  Along  Track  Error  Sea  -0.22$ 

5C$  Scatter  with  reape.ct  to  tho  Mean  ~1.12$ 


Mean  Across  Track  Error  Sea  0.47? 

1VL  Scatter  with  respect  to  the  Mean  ~0»59° 

Mean  Radial  Error  Soa  2.18$ 

5C$  Scattar  with  respect  to  tho  Mean  +0. 62$ 


5.1.3  System  Accuracy  -  Land.  The  only  long  legs  carried  out 
over  land  during  i4ia.se  II  of  the  trial  were  those  over  the  dosert  in  Plight 
No.  3.  The  accuracy  figures  for  these  logs  are  included  in  table  1  and  it 
will  be  seen  that  the  radial  errors  of  1.0C$  and  0.28$  ore  very  rnurh  smaller 
than  the  mean  radial  error  for  the  accuracy  runs  over  land  in  ihase  1  of  the 
trial. 


5,2  Accuracy  during  Tactical  Search  Patterns.  Throe  flights  woro 
carried  out  to  lot oird.no  trie  accuracy  of  tho  Blue  sillq/G.P.1.  4a/G4B  syston 
while  engaged  in  tactioal  manoeuvres.  For  this  purposo,  the  selected  petrol 
was  a  cropping  line  ahead.  Tho  acouraoy  is  given  in  Table  3  in  terms  of 
radial  error.  No  corrections  have  been  made  far  the  variation  in  length  of 
a  minute  of  latitude  or  for  the  height  of  the  aircraft  as  these  can  be  oor*. 
sidered  to  be  negligible  for  a  flight  of  this  nature.  The  radial  errors 
quoted  do,  of  course ,  include  any  error  induced  into  the  system  during  the 
turn  at  tho  end  of  eaoh  leg  of  the  patrol. 
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Table  3« 

Bluo  3ilk/G»?.I.  4a/G43  System  lirrora  -  Tactioal  Soar  oh  Patterns. 


Sortie 

No. 

Dist, 

Flown 

N.M. 

Fixing 

Used 

Radial 
Error  Sa 

11 

269 

•  Decoa  , 

3.33 

. 12  . 

_J_83. 

Decoa 

2.14 

13 

409 

Deoca 

2.03 

5.3  Narrative  of  Flights.  Fig.  5  shows  the  routes  followed  during  tho 
Phase  II  flying  which  are  listed  at  Appendix  A.,  Comments  on  the  individual 
flights  arc  contained  in  the  following  paragraphs. 

5. 3. 1  Flight  No.  1  (Boscombe  Down  -  Madeira  -  Gibraltar).  This 
flight  was  carried  out  entirely  at  2000'  and  mainly  at  night,  ,  and  was  assessed 
for  accuracy  on  two  logs  between  Start  Point  (5013N  033857)  and  Porto  Santo  in 
Madeira  (3303N  16177),  and  Port  Santo  and  Tarifa  Point  (360CN  05377) .  Blue 
Silk  was  serviceable  and  remained  locked  oh  for  the  whole  flight,  giving  5 
volts  A.G.C.  for  the  majority  of  the  tine.  The  wind  encountered  throughout 
this  flight  was  light  but  predominantly  westerly. 

5.3.2  Flight  No.  2  (Gibraltar  -  Marsala  -  El  ’.deni).  This  flight 
was  carried  out  at  3000'  over  low  sea  states.  Although  the  sea  state  was  3  on 
leaving  Gibraltar,  it  soon  dropped  and  remained  about  1-2  for  the  remainder  of 
the  flight.  Blue  Silk  remained  locked  on  throughout  the  flight  and  gavo  A.GAC. 

volts  of  A. 5-5.  However,  a  fault  in  the  discriminator  back  plate  developed 
very  shortly  after  leaving  Gibraltar  which  had  the  effect  of  transmitting  a 
ground  speed  to  the  GAP. I.  "which  was  too  low.  It  was  there- fore  impossible  to 
determine  a  realistic  system  error  on  this  flight.  The  Blue  Silk  groundspeed 
and  drift  indications  and  the  distance  counters  were  unaffected  by  the  fault 
and  were  used  navigationally.  The  implications  of  this  fault  are  fully  dis¬ 
cussed  in  para.  9.d.4. 

5*3.3  Flight  No.  3  (31  Adorn  -  Ft.  Leolero  -  331  Adorn.)  This  flight 
was  carried  out  in  order  to  cheolc  the  performance  of  Blue  Silk  over  the  desert. 
The  outbound  leg  from  El  Aden  to  Ft.  Loclero  (2701N  1427E)  was  flam  at  heights 
between  500*  and  1000'  A.G.L.  The  return  leg  was  flown  at  7,000'.  The 
indications  of  performance  wero  good  throughout  -with  about  5  volts  A.G.O.  at 
1,000'  dropping  to  a  minimum  of  4.3V  at  500',  At  7,000'  the  A* GAO.  voltage 
varied  between  4,4  and  4.8v.  A  maximum  of  2  neons  was  observed  during  tho 
flight  and  the  rod  light  behaved  satisfactorily.  The  CAP.I.4&  was  used  with 
Along  and  Aoross  Track  presentation  and  reference  to  Table  1  shows  that  tho 
system  accuraoy  was  of  a  high  order. 

5.3.4  Flight  No.  4  (El  Adorn  -  Marsala  -  Gibraltar).  Both  legs  of 
this  flight  were  oarrlod  out  at  1,000'  and  were  assessed  "for' accuracy  between 
B1  Aden  and  Marsala  and  between  Marsala  and  Gibraltar.  Between  the  coast  of 
Cyrenaioa  and  Marsala  the  sea  state  increased  from  2-3  to  4-5  approaching  tho 
coast  of  Sicily.  Blue  Silk  remained  serviceable  and  locked  on  throughout  this 
log.  After  leaving  Sicily,  tho  sea  state  gradually  dropped  and  was  dam  to 
state  1  when  approaching  Gibraltar1.  Tho  equipment  remained  serviceable  but 
unlocked  on  two  occasions  when  near  Gibfnltex  over  the  soa  state  1.  Bio  equip¬ 
ment  was  not  switched  to  Memory  beoause  it  was  desired  to  check  the  performance 
continuously,  but  the  groundspeed  and  drift  needles  were  maintained  in  their 
approximately  correct  positions  by  use  of  the  inching  controls.  The  equipment 
was  actually  unlocked  for  two  periods  of  under  5  minutes  but  was  rather  sluggish 
for  half  an  hour  with  A.G.O.  volts  down  to  2.4  and  sovural  neons  flashing.  Tho 
red  light  wus  on  during  this  time. 
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5.3.5  Flight  No.  5  (Gibraltar  -  Porto  Santo  -  4147N  1006;?  -  Lisbon) 
The  original  routing  of  this  "flight  was  to  Bo’s  combo  Dorm,  but  unserviooabllity 
of  the  aircraft  necessitated  a  diversion  to  Lisbon  from  position  4147N  1006b. 
An  astro  fix  was  obtained  just  boforo  turning  baok  to  Lisbon  and  the  orrors 
for  the  second  leg  have  been  calculated  with  roferenoo  to  this.  It  will 

bo  seen  from  table-  2  that  the  errors  for  the  sooond  log  are  unduly  large. 

This  may  be  partially  duo  to  soa  movement  caused  by  the  strong  headwind 
encountered  of  30  -  40  knots  (see  also  para,  7)  but  the  possibility  of 
orrors  in  the  Astro  fix  must  also  be  accepted.  However ,  a  comparison 
between  the  radial  error  for  this  leg  of  3 *3$ and  the  radial  error  of  3^ 
obtained  at  Lisbon  indicates  that  the  error  in  the  astro  fix  was  not 
unduly  great.  The  first  leg  was  flown  at  2,000'.  but  cloud  at  this  height 
made  it  necessary  to  olimb  to  5,000'  just  before  reaching  Port  Santo  and 
the  remainder  of  the  flight  was  carried  out  at  this  height.  Blue  Silk 
remained  serviceable  throughout  the  flight  and  was  giving  5v.  A.G.C.  with 
only  one  noon  flashing,  exoept  for  a  period  of  5  minutes  while  flying  over 
a  calm  sea  shortly  after  leaving  Gibraltar  when  the  A.G.C,  volts  dropped 
to  4.2v  and  the  red  light  was  on  with  about  6  neons  flashing. 

5.3.5  Flight  No,  6  (Lisbon  -  Bosoombo  Down).  ‘This  flight  was 
oarried  out  at  7,000'  and  Flue  Silk  remained  serviceable  throughout. 

Aocuraoy  figures  were  obtained  between  Cape  Carvoeiro  (3921 N  0924V?)  and 
Start  Point  (501 3N  0333;/).  The  system  error  was  rather  large  for  this 
leg,  but,  as  there  was  a  fairly  steady  surface  wind  of  approximately 
30K  from  about  45°  on  the  Port  bow,  the  error  may  include  a  large 
proportion  attributable  to  sea  movement  (See  also  para.  7* )  • 

5.3*7  Flight  No.  7  (Bosoombo  Down  -  Kcflavik).  The  Blue 
Silk  equipment  we.s  unserviceable  for  the  first  part  of  this  flight  but, 
after  rectification,  was  serviceable  for  the  remainder  of  the  flight 
between  Ihishtrahull  (5627N  0714”?)  and  Keflavik  which  was  oarried  out 
at  2,000',  The  A.G.C.  volts  were  variable  between  3  and  5  in  spite 
of  sea  states  betweon  3  &  7. 

5.3.8  Flight  No.  8  (Keflavik  -  65OON  2600'/  -  701  ON  220 6?  - 
7005N  2830IV.  Keflavik).  Owing  to  weather  conditions  this  flight  was 
routed  on  a  dog-leg  to  avoid  the  mountains  of  N.  Iceland.  Over  the 
Denmark  Strait  winds  of  up  to  60  knots  were  encountered  with  sea  state 
7-9  and  the  Blue  Silk  performed  satisfactorily.  Approaching  the  pack 
ico  however  the  wind  dropped  and  the  sea  state  became  2-3  giving  A.G.C. 
volts  of  4*4*5.  On  crossing  from  sea  to  ioo,  the  A.G.C.  voltage 
dropped  slightly  to  3,3  -  3*5  volts.  Performance  of  Blue  Silk  was 
oheokod  in  turns  over  both  pack  ice  and  the  ioe  oap  of  Greenland  (see 
para.  6.5).  Unlocking  ocourrod  when  crossing  the  mountains  at  the  edge 
of  the  Greenland  osoarpnent  both  inbound  and  outbound  and  this  is 
discussed  in  para.  6.6.  Y/hen  flying  over  the  Denmark  Strait  on  the* 
return  flight,  the  Transmittor/Rcocivor  unit  failed  and  was  replaoed  by 
tho  spare.  No  further  unscrvlooability  occurred  during  the  flight, 

5,3*9  Flight  No.  9  (Keflavik  -  Bosoombo  Down. )  Unserviooabllity 
occurred  shortly  after  take-off  and  was  found  to  be  due  to  an  intomittent 
oontaot  in  the  discriminator  baok  plato.  This  was  rectified  by  tightening 
tho  fixing  nuts.  A  further  fault  necessitated  changing  the  amplifier 
unit  but  the  performance  of  Blue  Silk  continued  to  bo  poor,  due  to 
overheating  in  tho  Transmitt er/Rooeiver  unit,  until  the  cover  was  removed 
(sec  Appendix  'B1,  para.  5,6. (b)).  Beoauso  of  these  faults  it  was 
impossible  to  obtain  any  accuracy  figures  for  this  flight, 

5*3,10  Flight  No.  10  (Boaocmbo  Down  -  Hordla  -  Boaocmbo  Down). 

The  objoot  of  thiaTlight  v7aa  to  doxivc'tKe  accuracy  of'tfio  HLuo 
G.P.I.4o/G4B  System  aftor  oertain  known  errors  had  boon  allowed  for  or 
eliminated.  Tho  equipment  was  tested  on  the  ground  to  determine  tho 
value  of  tho  orror  in  Blue  Silk  transmission  and  G.P.I.  resolution,  whan 
tho  inputs  to  the  G.P.I.  were  approximately  those  to  be  expeotod  during 
the  sortie,  Tho  ro suits,  vhioh  arc  given  in  Tablo  4  bolow,  wore  used 
by  the  navigator  during  flight  to  modify  G.P.I,  position.  Tho  HLue  Silk 

/was... 
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tos  ro-adjustcd  on  the  ground  \:iih  tho  object  of  producing  an  over-reading 
of  %:■  in  the  motjsureswnt  of  distance  flown  oVer  lancl.  Jhia  adjustment 
•.van  :.v& o  in  arcLr  to  compensate  far  an  anticipated  speotrura  distortion 
error  of  -1/  over  average  sea  states  (phase  1,  sub.  para.  15*2.2.  refers). 

Compass  deviations  found  during  the  air  calibration  wore  used  for 
this  flight,  which  was  carriod  out  at  1000'  -  1500’,  .  Tho  sea  state 
varied  from  5-6  off  the  English  coast  to  1  off  Norway  and  the  A.G.C, 
volts  droppod  from  5“  2.8v  during  the  outward  flight  but  this  does  not 
appear  to  have  affeoted  tho  aocuraoy  of  the  equipment.  -  On  the  horao- 
ward  flight  the  equipment  v;as  unlocked  for  about  15  minutes  on  leaving 
the  Norwegian  coast,  and  lator  the  A.G.C*  volts  never  rose  abovo  3 
although  there  was  no  undue  spread  of  noons. 

Tabic  A  -  G.P.I,  Resolution  Aocuraoy  prior  to  Plight  10 


Along  Ifrack  Error 

Aoross 

Traok  Error 

Sun 

Diet 

n.m. 

Hdg. 

Drift 

Traok 

Dist 

~  DLst 
n.m. 

Dogroos 

1 

300 

016 

.  5S 

021 

Nil 

Nil 

1.4P 

.27P 

2 

300 

20  6 

5P  .... 

201 

Nil 

Nil 

0  .8S 

,13S 

300 

016 

021 

Nil 

Nil 

1.4P 

.27? 

4 

JSOO 

206 

— 1 — 

.  J£_. 

201 

Nil 

Nil 

•0.7S 

.15S 

5*3*11  Flight  No,  11  (Creeping  Lino  Ahead  Patrol).  This  flight 
was  oarrled  out  to  simulate  a  creeping  line  ahead  patrol  with  50  mile 
logs  at  1000'  above  sea  level.  The  sea  state  was  2-3  and  the  Blue  Silk 
efficiency  was  low  with  A.G.C.  volts  down  to  2-3.  The  red  light  oame 
on  in  turns  several  times  and.  on  one  oocasion  the  equipment  unlooked  in 
a  turn  with  30°  bank.  After  the  conclusion  of  the  patrol,  it  was  found 
that  the  equipment  would  not  remain  looked  below  800*.  Subsequently, 
a  fault  was  found  in  the  T.R,  cells  and  this  is  considered  to  be  tho 
cause  of  poor  performance  and  aocuraoy  on  this  flight. 

5*3*12  Flight  No.  12  (Creeping  line  ahead  Patrol).  This  and 
the  following  flight  were  also  oarrTod  out  to  simula’tc  a  oroeping  line 
ahead  patrol  but  with  75  mile  leg3*  The  height  for  this  flight  was  1000’, 
Although  tho  sea  state  was  3-4,  the  A.G.C,  volts  droppod  from  5*2  to  2 
during  tho  patrol  with  an  average  of  2  neons  showing.  The  red  light 
remained  off.  After  the  patrol  was  finished  the  oovor  of  the  TR  unit 
was  removed  and  the  A.G.C.  volts  returned  to  5. 

5.3*13  Flight  No.  13  (Creeping  lino  ahead  patrol).  This  flight 
was  oarrled  out  in  the  height  band  250'  -  35 0  ^"in  order  to  determine  tho 
performance  and  aocuraoy  at  low  altitudes.  The  sea  state  v/as  5-6.  After 
flying  for  1  hour,  the  A.G.C,  volts  had  dropped  from  4-. 6  to  2.  Once  again, 
after  removing  the  o over  of  the  TR  Unit,  the  A.G.C.  volts  rose  to  normal. 

At  this  height  tho  red  light  was  flashing  on  and  off  at  irregular  intervals 

5*4  Ac  piracy  During  Turns.  A  knowledge  of  the  errors  likely  to 
accrue  in  the  systoci  during  turns  is  of  importance  in  maritime  operations 
owing  to  the  largo  number  of  turns  ,/hich  may  bo  made  in  the  course  of 
patrols  and  searches,  end  It  was  therefore  intended  to  investigate  the 
magnitude  of  those  errors,  but  this  proved  impossible  when  the  trial  was 
prematurely  terminated  due  to  major  uns urvioeability  of  the  aircraft. 
However,  tho  throe  taotioal  flights  discussed  in  paras.  5.3.11  -  5,3.13 
eaoh  lnoludo  eight  turns  of  approximately  50°.  Ground  analysis  of  tho 

fixes  and  G.P.Z,  positions  recorded  at  rogular  intervals  during  eaoh  flight 
did  not  disclose  any  error  whioh  oould  be  ascribed  to  tho  tun,  but  it  is 
unlikely  that  any  single  turn  would  produce  an  error  largo  enough  to  be 

3BCRM!  /detected. 
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detootcd  in  this  way.  The  fact  that  the  total  radial  errors  given 
in  table  3  are  not  unduly  largo  is  not  in  itsolf  however,  an  indication 
that  turn  errors  oan  always  be  ignored*  It  is  probable  that  the  offoots 
are  to  a  large  oxtent  self -cancelling  in  patrols  of  this  nature  whero 
alternate  pairs  of  turns  take  plaoe  in  opposite  direotion,  but  if 
difforent  patterns  were  flown,  the  total  sum  of  the  turn  errors,  might 
well  becane  significant, 

6.  Perform  on  ao  of  31ue  Silk  over  various  Reflecting  Surfaoos  ■ 


6.1  The  Requirement.  Joint  Naval/Air  Stoi'f  Requirement  No.,A¥.260 
states  that  Blue  Silk  should  be  capable  of  operating  under  varying 
conditions  in  all  ports  of  the  world.  In  order  to  check  this,  the 
equipment  was  flown  over  the  following  typos  of  surface  during  the 
oourso  of  the  trial :- 

Rough  and  Calm  Sea 
Temperate  land. 

Desert 
Ioe  and  Snow 
Mountains . 

Details  of  the  performance  are  given  below. 

6.2  Rough  and  Calm  Sea 

6.2.1  Owing  to  the  maritime  use  of  Blue  Silk,  great  emphasis 
v/as  plaoed  on  its  performance,  both  straight  and  level  and  in  turns,  at 
varying  altitudes  over  various  sea  conditions.  Experience  with  the 
equipment  under  test  showed  that  the  performance  oculd  ohange  to  some 
Extent  from  day  to  day  due  to  tho  varying  effioieno y  of  the  equipment. 

It  is  therefore  impossible  to  give  any  hard  and  fast  rule  about  the 
performance  of  HLue  Silk  over  the  soa  end  the  figures  given  must  be 
accept ad  as  those  for  a  sot  working  at  average  efficiency. 

6.2.2  In  straight  and  lovcl  flight,  Blue  Silk  operated 
satisfactorily  at  all  altitudes  tested  from  5,000'  down  to  300'  provided 
the  sea  was  stato  2  or  more.  A  minimum  of  2001  v/as  reached  on  one 
oooasion  over  sea  state  2  and  on  another  oooasion  over  soa  state  7» 
Suooessful  operation  was  also  obtained  in  one  instanoc  over  soa.  stato 
5-6  (with  a  wind  speed  of  27  knots)  down  to  100'  whilst  flying  into  wind 
and  sea,  but  this  limit  was  raised  to  1 80 1  when  tho  aircraft  was  turned 
across  wind.  On  only  one  occasion  was  Blue  Silk  opere.tcd  over  soa.  state 
1 ,  The  performance  -was  marginal  and  two  short  periods  of  unlocking 
oocurrod.  Tho  aircraft ' s  altitude  was  1000  foot  A.S.L. 

6.2.3  No  turns  were  carried  out  over  sea  state  i,  but  with 
the  soa  stato  2  or  more,  tho  uquipmont  normally  functioned  satisfactorily 
in  turns  of  up  to  30°  bank  down  to  300'  although  at  times  tho  movement  of 
the  drift  and  ground  speed  noodles  was  sluggish. 

6.2.4  The  balance  of  tho  sot  under  tost  v/as  such  that  the 
drift  and  ground  sp»eod  noodles  tended  to  remain  at  their  last  reading 
when  unlooking  ooourred.  The  only  positive  test  that  unlocking  had 
occurred  was  to  dofleot  tho  noodles  and  soo  if  they  returned  to  thoir 
former  readings,  although  an  indication  is  normally  given  by  the 
behaviour  of  the  red  light,  A.G.C.  voltago,  and  neon  speotnsn. 

6.2.5  ’.''hon  flying  below  the  height  at  which  the  Blue  Silk 
will  normally  remain  locked  (e.g.  very  low  level  scarohcs  and  attacks), 
the  equipment  should  be  switched  to  "Ifcmary"  and  tho  most  aooirato 
known  values  of  drift  and  grounds  peed  sot  on  tho  indicator  with  tho 

1, lysing  oontrols.  Tho  system  -..ill  then  oporatc  satisfactorily  within 

the  limits  of  aoouraoy  of  the  input  information,  fho  some  procedure  may 
be  adopted  if  the  Blue  Silk  boocmcs  unserviceable  provided  that  tho 
Signal/ifemory  sv/itch,  inohing  controls  and  transmission  system  still 
operate  satisfactorily, 
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o»3  Temperate  Land.  Very  little  flying  was  carried  out  over 
.temperate  land  during  this  phase  of  the  trial,  since  a  full  evaluation 
had  already  been  made  in'  Phase  1. 

6.4  Desert.  One  flight  (No.  3)  was  carried  out  over  tho  desert 
between  EL  Adem  and  Port  Leclero,  the  outward  flight  being  at  heights 
of  1,000'  and  below  and  the  return  flight  at  7 000 1 .  The  equipment 
functioned  quite  satisfactorily  at  all  heights  from  7 ,000’  down  to  the 
lowest  tostcd  (500  ft.  a.g.l.), 

6.5  Snow  and  Ice.  The  performance  of  the  equipment  was  toted 
over  pack  ice  and  over  the  ioe-cap  of  Greenland  on  sortie  No.  8.  The 
equipment  performed  satisfactorily  over  both  these  reflecting  surfaoes, 
although  a  slight  drop  in  A.G.C.  volts  from  4-4.5  to  3«5“3.5  was  notioed 
after  passing  from  open  sea  to  pack  ioe.  At  about  2000*  over  both  forms 
of  ioe  the  A.G.C.  gave  3-3?  volts  v/hen  flying  straight  and  level.  The 
equipment  performed  satisfactorily  in  turns  of  up  to  30  bank,  but  at 
angles  of  bank  greater  than  this,  the  red  light  came  on  with  a  full  neon 
spread  and  the  equipment  unlocked. 

6.6  Mountains.  V.'hen  crossing  the  escarpment  of  the  Greenland  ice¬ 
cap  in  the  vicinity  of  Scoresby  Sound,  the  Blue  Silk  equipment  became 
unlocked  at  both  straight  and  level  and  olimbing  conditions.  Qnoe  over 
the  comparatively  smooth  snow  covered  ice-oap  however,  the  equipment 
locked  on  and  behaved  normally  until  once  again  crossing  the  escarpment 
on  the  return  journey,  when  it  again  became  unlocked  until  over  the  sea. 
These  observations  tend  to  show  that  the  equipment  will  not  work 
satisfactorily  when  flying  over  mountains  with  near  vertioal  sides  and 
steep  ravines.  However,  it  must  bo  remembered  that  the  mountains  of 
the  Greenland  escarpment  arc  exceptional  in  this  respect  and  it  is 
probable  that  the  equipment  will  not  unlock  over  mountains  that  aro 
loss  stoop.  It  was  hopod  to  investigate  this  phenomenon  more  thoroughly 
over  other  mountain  ranges,  but  this  was  not  possible. 

7.  ZSrrors  duo  to  Sea  Movement 

7*1  Effect  of  Sea  Movement  on  Blue  Silk.  Blue  Silk  measures  the 
relative  velocity  between  the  aircraft  and  the  reflecting  surface.  If 
the  reflecting  surface  moves,  an  error  will  be  induced  in  Blue  Silk  drift 
and  groundspeed  which  is  equal  to  the  velocity  of  tho  reflecting  surface, 
'when  flying  over  the  sea,  therefore,  an  error  will  be  induood  into  the 
equipment  whioh  is  equal  to  the  movement  of  that  part  of  the  sea  which  is 
reflecting  the  Blue  Silk  transmissions.  It  is  not  known  precisely  how 
far  the  pulses  of  radio  energy  transmitted  by  Blue  Silk  will  penetrate 
(if  at  all)  into  the  sea  before  being  reflected,  but  it  has  been  suggosted 
that  tho  Doppler  signal  is  reflected  fron  wave  crests  and  other  small 
discontinuities  in  the  water  surface, 

7*2  Causes  of  Sea  Movement.  Factors  affecting  the  movaaent  of  tho 
soa  are  many,  but  the  important  ones  are  os  follows  i- 

Ia)  Surface  wind, 
bj  Rotation  of  the  earth, 
cj  Differences  of  temperature, 

d)  Configuration  of  tho  sea  bod, 

e)  Tidal  effects, 

f)  DLff eronooe  in  salinity. 

The  relation  between  these  faot<rs  is  extremely  oa nplex,  but  if  tho 
suggestion  in  p>ara.  7.1  1b  oorroot  then  it  is  obvious  that  the  surfaoe 
wind  is  the  predominant  factor  whioh  must  bo  considered  in  any  investigation 
of  HLue  Silk  Errors  due  to  sea  movement.  35ic  precise  relationship  is 
unlikely  to  be  oonstant,  but  some  authorities  havo  suggested?  that  the 
error  in  Doppler  equipments  due  to  sea  movement  is  between  one  sixth  and 
one  seventh  of  the  surface  v/ind  speed  while  others  quote  a  figure  of  one 
tenth. 

tl  »3» •» • 


SECRET 


SECRET 

-  13  - 


7*3  Investigation  of  Relationship  botvvoen  Surface  Wind  Velocity  and 

~31uo  Silk  Error  when  flying  over  the  Soa. 

7»3»1  The  results  obtained  during  the  trial  previously 
quoted  in  tablos  2  and  3,  wore  subjected  to  further  analysis  in  an 
endeavour  to  establish  a  working  relationship  botvvoen  surfaoc  wind 
velocity  and  vector  error  duo  to  soa  movement  whioh,  while  unlikely  to 
be  prooiso,  might  form  the  basis  of  a  practical  means  of  system  error 
correction  during  flight.  In  order  to  do  this,  it  was  nooessary  to 
obtain  a  figure  for  the  overall  system  error  of  the  Blue  Silk/Gr.P.I.4a/ 

G4B  system  for  flights  over  tho  sea  with  a  steady  wind  velocity,  and 
extract  from  this  the  system  error  due  to  the  oauses  other  than  sea 
movement.  System  error  in  Phase  II  was  normally  measured  along  ono 
straight  track,  and  in  these  circumstanoos  it  is  not  possible  subsequently 
to  detoct  the  components  making  up  the  final  veotor  error,  Yhare  a 
flight  consisting  of  several  pairs  of,  reciprocal  traoks  took  place 
however,  it  was  thought  reasonable  to  assume  that  systematic  errors  in 
drift,  grounds  peed  and  compass  errors  of  a  oonstant  nature  would  tend  to 
bo  sclf-oanoclling,  the  final  voctor  system  error  being  due  in  the  main 
to  sea  movement.  Three  flights  of  this  nature  were  Carried  out  (Nos, 

11,  12  and  13)  whioh  were  in  faot  simulated  creeping  line  ahead  patrols. 
They  wore  not  ideal  for  the  analysis  of  errors  caused  by  sea  movement  since 
they  included  errors  induced  by  the  turns  and  the  progression  along  tho 
line  of  creep.  However,  it  is  interesting  to  examine  the  radial  errors 
for  these  flights  and  compare  them  with  the  surface  wind  velocities  which 
wore  fairly  constant  in  both  speed  and  direction.  These  figures  are 
given  in  table  5  below. 


Table  5 

Comparison  of  Radial  Errors  and  Surface  W/V's  for  Creeping 
Lino  Ahead  Patrols 
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7.3»2  An  examination  of  Table  5  shows  that  there  is  a  very 
marked  similarity  between  the  dirootion  of  the  radial  error  and  tho 
direction  of  the  surfaoc  wlncL  The  relationship  between  the  speeds 
given  as  a  ratio  in  oolunn  aw?  Is  not  so  dear  and  varies  between  0.1 6 
and  0,33*  Prom  those  figures  it  would  appear  that  tho  ratio  of  soa 
movement  to  surface  wind  speed  is  roughly  £.  'This  does  not  agree  .with 
tho  opinion  of  tho  authorities  quo tod  in  para.  7*2  and  sinco  it  is  based 
on  tho  evidonoo  of  only  throe  flights,  it  should  be  treated  with  caution. 
However,  it  is  interesting  to  apply  this  figure  to  the  system  error  of 
other  flights  during  Phase  II  of  the  trial  for  whioh  ao curacy  figures 
aro  available.  'This  has  boon  done  and  the  two  sets  of  figures  arc  shown 
in  Tablo  6  below. 
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Table  6 


Comparison  bctwoon  Obacrvod  System  ilirrors  and  tho  samo 
errors  oorrooted  far  Soa  Movemont 
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7.3.3  In  Table  6  above,  flights  where  tho  mean  surface  wind  speed 
was  less  than  10  knots  have  beon  emitted  as  it  is  oonsiderod  that  at  speeds 
loss  than  this  figure,  the  wind  may  ooaae  to  be  tho  predominant  factor  in 
determining  the  speed  and  direction  of  sea  movament.  In  oasos  ./hero  there 
was  a  marked  change  in  surfaoc  wind  during  the  flight,  a  moan  equivalent 
wind  has  beon  usod,  Tho  correction  for  soa  movement  has  only  beon  applied 
for  the  period  af  the  flight  during  v/hioh  tho  aircraft  was  actually  ovor 
the  soa. 


7.3*4  an  examination  of  Tabled  shows  that  out  of  the  seven 
legs  selected,  six  show  a  reduction  of  radial  error  when  oorrooted  far 
sea  movement  at  tho  rate  of  t  x  wind  speed.  The  ovidonoe  provided  by 
seven  rosults  to  support  a  theory  based  on  three  further  results  is 
certainly  inconclusive,  but  it  may  woll  be  that  with  further  data,  it  would 
be  possiblo  to  markedly  reduce  the  system  error  of  the  Bluo  Silk/G.P.I.4a/ 

G4B  combination  by  the  application  of  "sea  movement  correction1'  basod  on 
a  knowledge  of  the  surface  wind  and  its  characteristics  (e.g.  general  tendency 
and  length  of  time  that  it  has  boon  blowing), 

8.  Pilot’s  Ira ok  Indicator 

8,1  Installation.  At  the  33rd  Rrogramno  Conference  of  tho  Experimental 
Navigation  Division  of  A,  &  A.E.2.  it  was  requostod  that  a  further  assessment 
of  the  Pilot’s  TraOk  Indicator  bo  oarried  out  in  conjunction  with  Blue  Silk/ 
G.P.I.Aa.  Such  an  indicator  (a  standard  D.R.C.  repeater )  was  therefore 
fitted  on  top  of  tho  oookpit  ooaming  on  tho  port  side  of  the  V.H.S.  control 
box  and  angled  so  as  to  bo  easily  seen  by  the  first  pilot.  A  photograph 
of  this  installation  is  shown  at  Pig'.  2. 


8.2  Evaluation.  Tho  track  Indicator  was  usod  as  a  steering  datum 
on  several  flights  wider  varying  conditions .  In  its  present  form  it  was 
found  that  the  indications  wore  not  stable  but  tended  to  oaoillate  about 
a  mean  position,  following  tho  oscillations  of  tho  Bluo  Silk  drift  noodle. 
This  necessitated  the  pilot  having  to  steer  a  mean  traak  and  it  was  found, 
that  this  was  far  loss  easy  than  stoorlng  from  the  043  oompass.  Although 
it  was  found  that  the  use  of  tho  track  indicator  did  save  tho  navigator 
a  slight  amount  of  work,  it  was  hardly  of  worth  while  value  on  long 
transit  flights.  However,  the  indicator  v/as  also  usod  on  the  tactical 


SECRET 


/flights.... 


SECRET 


flights  Involving  creeping  line  ahoad  patrols,  and  it  was  oonsidorod 
that  for  flights  of  this  nature,  when  frequent  traok  ohanges  aro  nooossary, 
it  is  of  more  value.  In  order  to  he  an  aoooptablc  Instrument  it  is 
oonsidcred  that  the  osoillations  of  the  traok  indicator  needle  would  need 
to  bo  damped  to  give  a  reasonably  steady  reading. 

9.  Serviceability  of'  the  Tested  Equlment 

9.1  Blue  Silk 


9.1.1  In  106  hours  and  20  minutes  flying  time,  and  49  hours 
and  45  minutes  ground  running  time,  the  Blue  Silk  was  found  to  be 
unserviceable  on  12  occasions,  of  which  5  ooourred  in  the  air.  A  total 
of  21  faults  was  remodlod.  This  serviceability  compares  favourably 
with  that  experienced  in  Phase  I  of  the  trial  whon  the  equipment  was 
found  to  be  unserviceable  on  12  occasions  in  91  i‘  flying  hours  and  80g- 
ground  running  hours.  It  should  be  noted  that  apart  frem  spare  units 
whioh  were  brought  into  use  at  various  times  on  the  overseas  flights, 
the  sot  used  was  the  same  as  that  used  throughout  Biaso  I  of  the  trial, 
and  had  therefore  been  operating  for  a  grand  total  of  329  hours  and  50 
minutes  ground  and  air  whilst  at  Bosccmbe  Down, 

9.1.2  Daily  routine  ground  inspections  and  rectification 
were  the  responsibility  of  Radio  Division,  A.  &  A.D.E.,  and  these  wore 
oarried  out  by  the  same  two  N.C.O's  as  during  the  Phase  I.  One  N.C.O, 
flew  on  all  trials  sorties  in  order  that  faults  could  be  located  and 
whore  possible  rectified  during  flight, 

9.1.3  A  report  on  serviceability  and  servicing  of  Blue  Silk 
during  the  trial  has  been  prepared  by  Radio  Division  A,  &  A.E.E.  and 

is  given  at  Appendix  '3'.  It  oovers  the  tcohnioal  aspoots  of  sorvioing, 
a  detailed  analysis  of  faults,  an  assessment  of  reliability  and 
oonolusions  and  rcoommondations  of  a  technioal  nature.  Aspects  of 
serviceability  which  affoot  the  aircrew  operator  are  disoussod  below. 

9.1.4  while  flying  fron  Gibraltar  to  El  Adem  on  flight  No.  2 
independent  fixes  showed  that  the  G.F.I.  position  was  incorrect,  the 
error  being  in  a  direction  along  track  and  amounting  to  approximately 
10,  of  distanoo  flown,  Blue  Silk  appeared  to  be  indicating  the  correct 
ground  spood  and  tho  distanoo  gono  counters  showed  a  value  agreeing  within 
reasonable  limits  with  the  independant  fix.  The  cause  of  the  error  was 
ovontually  found  to  bo  a  faulty  oonnootion  in  tho  bade  plate  of  tho 
tracking  unit  assembly  in  the  oircuit  frcn  the  ground  spood  "M"  type 
transmitter  to  tho  G.F.I,  (Sec  Appendix  B).  This  fault  emphasises 

tho  need  for  the  aircrews  to  chock  the  position  shown  on  the  G.P.I. 
vdth  the  information  on  the  Blue  Silk  Indicators, 

9.1.5  On  one  oocasion,  tho  100  amp.  fuse  was  blown  whon  tho 
equipment  was  switched  on  before  take-off.  This  is  believed  to  have  boon 
duo  to  tho  inadvertent  switching  on  of  tho  Blue  Silk  at  the  same  time  as 
tho  aircraft  generators,  thus  causing  an  abnormal  surge  of  per./ or  through 
tho  oircuit,  It  is  therefore  emphasisod  that  it  is  important  to  ensure 
that  the  Bluo  Silk  is  not  switched  on  until  the  generators  aro  known  to 
be  in  operation, 

9.2  Interferonoo.  No  interference  was  noticed  botvoen  the  Bluo 
Silk  and  ary  of  tho  radio/ radar  installations  in  the  trials  airoraft. 

As  in  Phase  I  of  the  trial,  it  was  hoped  to  dctoxmino  if  thcro  was  any 
mutual  interference  botwoon  two  Blue  Silk  equipped  airoraft  flying  in 
formation,  but  this  was  not  possible  owing  to  tho  repented  unsorvioc ability 
of  tho  Blue  Silk/Gonnet  combination. 

9.3  Serviceability  of  the  G.P.I,  4a.  Tho  G.P.I,  4a  remain od  fully 
serviceable  throughout  tba  trial  In  5.1  Its  functions.  This  is 

/>gpyH  oily  ocnmcndablc  as  it  was  the  same  ins  trim  cut  as  used  during  Ph&so 
I  of  the  trial,  and  had  been  usod  for  a  total  of  195  hours. 
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1 0,  ■  Performance  of  the  G.P.  1. 4a. 

10.1  Accuracy.  IXiring  phase  I  of  the  trial  the  resolution 
aoouraoy  of  tho  G.P. I. 4a  in  tho  air  was  thoroughly  tested  on  "Grid" 
presentation,  and  it  was  stated  that  tests  oarriod  out  by  R.A.E.  indioatod 
that  its  aoouraoy  should  not  differ  greatly  whan  other  forms  of 
presentation  arc  used,  Curing  Phase  II,  tho  G.P,  I.  was  operated  mainly 
an  "Along  and  Across"  and  Latitude  and  Longitude  presentation,  but  as 

tho  auto-obsarvor  was  not  usod  in  this  phase  of  the  trial  it  was  not 
possible  to  determine  the  G.P, I. 4a  resolution  orrors  in  flight.  Hie 
ground  resolution  runs  were  therefore  oarriod  out  with  Latitude  and 
Longitude  prosontation,  using  inputs  with  the  Blue  Silk  on  "Memory". 

Hicso  runs  confirmed  tho  results  obtained  in  Phase  I,  Ground  resolution 
runs  using  "Along  and  Aoross  Track"  presentation,  the  results  of  which  are 
shown  in  Table  4-,  had  already  boon  carried  out  prior  to  flight  10, 

10.2  Slipping  of  the  Seoant  Goar.  In  addition  to  those  mentioned 
above,  ground  resolution  runs  were  also  oarriod  out  to  determine  tho 
latitude  at  whioh  slipping  of  tho  seoant  gear  became  excessive.  This 
was  found  to  be  79°N» 

10.3  Prosontation.  Sane  difficulty  was  experienced  in  reading 
tho  counters  (especially  at  night)  duo  to  their  being  recessed  into 
the  faoe  of  the  instrument,  unless  read  from  a  position  normal  to  the 
windows.  This  point  must  be  borne  in  mind  when  deciding  the  operational 
positioning  of  the  indioator. 

11.  Conclusion  and  Rooaimendatlons 

11.1  Conclusions 

11.1.1  Handling  and  Operation  of  tho  iilkiuitmont.  Hie 
equipment  was  used  in  a  realistic  manner  by  a  number  of  operators.  No 
difficulty  was  found  in  handling  and  operation.  However,  experience 
with  handling  the  G.P.  I.  4a  in  Phaso  II  confirmed  the  common ts  an 
presentation  given  in  the  Phase  I  report.  Blue  Silk  provod  simple 

to  use  and  no’diffioulty  was  experienced  with  the  operating  drills 
which  wore  tho  same  as  those  outlined  in  Appendix  'G'  to  the  Phase  I 
report.  In  addition,  the  modifications  to  the  drift  and  ground  speed 
indioator  rooernaonded  in  tho  Phase  I  report  would  facilitate  reading 
and  roducQ  the  likelihood  of  mis -interpretation, 

11.1.2  Performance.  Tho  performance  of  Blue  Silk  was 
tested  over  varying  terrains  in  a  wide  range  of  conditions.  It  was 
found  that  it  operates  satisfactorily  over  land  and  ioe  except  that 
unlooking  may  ooour  whon  oroasing  particularly  stoop  mountains.  Over 
the  soa  the  equipment  generally  funotions  satisfactorily  both  straight 
and  level  and  in  turns  of  up  to  30  degreos  of  bank  and  down  to  300  foot 
providing  the  soa  is  state  2  or  more.  Over  soa  state  1  however,  the 
equipment  unlocked  on  two  occasions  in  straight  and  level  flight  at 
1,000  feet. 


11.1.3  Svstan  Aocwaoy  -  Blue  Silk/GJ?,I.4a/G4B.  Tho  moan 
radial  error  for  all  long  straight  logs  in  Phase  H  was  approximately 
1.8  n.ms.  for  every  100  n.ms.  flown.  For  those  flights  entirely  evor 
tho  sea  tho  mean  radial  error  was  approximately  2.2  n.ms.  for  every  100 
n«ms.  flown  whioh  compared  very  closely  with  the  figure  of  2.1  n.ma,  for 
corresponding  flights  in  Phase  I.  For  tho  only  two  logs  flown  ovor  tho 
land,  tho  radial  orrors  wore  1.0/  and  0,3/  approximately.  Efforts  wore 
mode  to  determine  the  correlation  botwcon  system  error  and  sea  movement 
duo  to  wind  and  this  appeared  to  be  about  w  wind  speed  with  the  data 
available.  Applying  this  correction  reduced  the  radial  error  in  six 
cut  of  tho  seven  oases  examined,  and  roduood  tho  moan  radial  error  for 
those  logs  from  2,0 C/.  to  1,1?/'. 
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11.1.4  Serviceability.  The  serviceability  of  Bluo  Silk  was 
very  similar  to  that  experienced  in  Phase  I  of  the  trial  in  spite  of  the 
increased  operating  hours  with  the  same  set.  The  G.P.  1. 4a  continued  to 
operate  faultlessly. 

11.1.5  Trsck  Indicator.  The  Pilot's  Track  Indicator  was 
not  found  to  be  of  sufficient  value  to  warrant  introduction  into  Scrvico 
use  in  its  prosent  form. 

11.2  Rooermendations.  The  rocaamcndations  in  the  Phase  I  report 
are  re-affimod  and  in  addition  it  is  considered  that  further  work 
should  be  carried  out  to  determine  the  effect  of  sea  movement  duo  to 
wind,  and  how  it  may  be  allowed  for  in  flight, 
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Appondlx  ’A'  to  Report  No. 
AAEE/ToolV'l  22/Nq.v*  Part  H. 


List  of  flights  oarrlod  out 
of  Blue  Sllk/G.P.  I.  L 


Phase 


Flight  No. 


Route 


S.P.1.  Presentation 


1 

Bosocmbo  Dorm  -  Madeira  -»  Gibraltar 

Sat,  &  Long. 

2 

Gibraltar  -  Marsala  -  El  Adcm 

Sat,  &  Long. 

3 

SI  Mam  -  Ft.  leclero  -  El  Mam 

Along  &  Across  Track 

4 

SI  Adem  -  Marsala  -  Gibraltar 

Sat,  &  Lang. 

5 

Gibraltar  -  Madeira  -  Lisbon 

Sat,  &  Long. 

6 

Ilsbon  -  Bosccnbe  Dovm. 

Sat,  &  Long. 

7 

Bos  combe  Dovm  -  Keflavik: 

Along  &  Across  Track 

8 

Keflavik  -  65°N  2617  -  701 CN  220 6?  - 

7005N  283017  —  Keflavik 

Grid 

9 

Keflavik  -  Bosocmbo  Down 

Along  &  Across  Track 

10 

Bosoombe  Dorm  -  Herdla  -  Bosoombe  Dovm 

Along  &  Across  Track 

11 

Creeping  Line  Ahead  Patrol 

Lat.  <k  Long. 

12 

Creeping  line  Ahead  Patrol 

Lat.  A  Long. 

13 

Creeping  line  Mead  Patrol 

Lat.  &  Long. 
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Appendix  *  B*  to  Ropcrt  No. 
iUJ.E/Tooh/122/Mav,  Part  H 


REPORT  ON  BDOE^SILK  SgVTOIiABmirDTOWS^PIMB  U  BtlAL 

proparod  by 

Radio  Division,  A.  &  A.  12.2. 


1 .  Introduotion 

Phaso  two  of  Aoooptanoc  end  Service  Trials  wore  oarriod  out  at 
Bosoembe  Down  during  the  poriod  20th  August  to  12th  Dooomber,  1955.’ 

2.  Equiqnont  Bnoloycd 

Air  Ministry  had  allocated  No.  3  Development  Mbdol  far  A.  &  A.E,  E. 
Trials.  Sets  erf  spare  emits  wore  used  os  backing  for  tho  overseas 
flights  only.  Those  spare  units  were  loaned  by  R.R.E.  Malvern  for 
these  periods.  Sparc  Units  oarried  during  Plight  to  13.  Adem  wero:- 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Due  to  tho  failure  of  No.  3  Traoking 
wore  used. 

Spare  Units  oarried  during  Plight  to 

(a)  T.R.  Unit  No. 

(b)  E.H.T.  Power  Unit.  No. 

(o)  Tracking  Unit  )  No. 

DdLso.  Section  )  No. 

(d)  Tracking  Unit  j  No. 

Amp,  Sootion  )  No. 

Ibo  to  tho  failure  of  No.  3  T.R.  Unit  and  No.  3  Tracking  Units, 

No.  6  T.R.  Uhit  and  No,  5  Development  Model  Trade  ing  Units  wore  used. 

3.  Servloing  Policy 

Periodic  Servicing  of  the  equipment  yms  oarriod  out  during  the 
Trials  by  tho  servicing  party  of  A.  &  A.E.E.  Radio  Trials  Division, 
trainod  for  that  purpose. 

A  rcoord  of  man  hours  expended  In  servloing  is  tabulated  in 
paragraph  A. 

A.  Serviceability 

A»1  Periods  of  serviceability  of  the  equipment  Installed  in  the 
aircraft  are  divided  into  tho  following  periods  i- 


(a)  T.R.  Unit 

(b)  E.H.T.  Power  Uhit 

(o)  Traoking  Unit 
Disc.  Section 

(d)  Tracking  Unit 
Amp.  Section 

(e)  Indicator  Uhit, 


6  Development  Model. 

1  Development  Model. 

1  Development  Model. 

1  Development  Model. 

1  Development  Model. 

1  Development  Model. 

1  Development  Model. 

Units,  No.  1  Tracking  Units 

ICeflavik, 

4  Development  Model. 

5  Development  Model. 

5  Development  Model. 

5  Development  Model, 

5  Development  Model, 

5  Development  Model. 
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Dato  . 

Air  Failure 

Flying 

Hours 

foial  Air  and  (k*ound 
Running  Moo 

Since  lost  air  Failure 

20.8.55. 

Start  of  Phase  Two  trials 

8.9.55. 

Failure .of  No.  ;J  Traeking  Unit 

26.35  ~ 

1.11.55. 

Failure  “of.  NolJ  Tracking  Unit 

3.8.20  . 

48.50 

3.11.55. 

Failuro -of  No.  3  T.R.  Units 

09.  »0 

15.30 

4.11.55. 

Failure  of  No.  3  Traaking  Unit 

(1.50 

1.50  . 

(4.10 

4.10 

29.11.55. 

Failuro  of  No,  ,3  Tracking  Unit 

35.20 

29.50 

Avorago  time  betwoon  Air  Failures 

22,30 

4.2  On  three  occasions  during  flight,  due  to  the  performance  of 
the  equipment  falling  off,  the  oover  to  tho  T.R.-  Unit  was  removed  .and 
the  set  ro covered,  - 


4.3  Tlmo  expended  on  sdrvlolng 

Normal  periodic  inspections  13.45  hours. 

Rectification  36,00  hours.. 

49.45  hows. 

4.4  A  complete  list  of  failures,  ground  and  air  running  time 

is  attached.  . 


Total  Faults  .  .  .  .  22 

I  a)  Aerial  Unit  Faults  Nil 

bJ  Indicator  Faults  Nil 

o)  T.R.  Unit  Faults  .  7 

d)  Tracking  Unit  Faults  6 

e)  Power  Unit  Faults  ,  2 

f)  Mounting  Assembly  Faults  2 

g);  ■  Other  Faults  A 

h)  Power  Supply  Faults  *  1 


5.1  T.R.  Unit 


(a)  The  seven  faults  in  tho  T.R.  Ifoit  wore»- 


.2  T.R.  Cells  . 


. Failures  wore  confined  to  one  T.R,  ooll, 

tte  auxiliary  keep  alive  probe  was  found  to  be  short 
.oirouitod  when  tostod  in  the  set,  on  removal  and  subsequent 
oheoking,  it  eventually  recovered  but  was  not  re-ins  tailed 
in  the  equipment.  * 

No  fault  was  found  in  the  other  T.R.  .ooll,  but  it  was 
replaced  by  a  now  one,  in  ardor  to  koep  both  new  T.R.  polls 
together. 

(b)  2  07  404 's. 


In  both  oases  tho  cathodes  wore  stripped. 

(o)  CV.  425. 

Owing  to  failuro  of  tho  T.R,  Unit  it  was  ocnsidcrod 
worth  checking  this  diode  as  a  possiblo  weak  oompcxient. 
ahe  diodo  was  ohangod  but  proved  subsequently  not  to  havo 
caused  the  failure, 

/(d) . . , , 
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(d)  0.40 

This  Is  a  variable  condenser,  whioh  controls  tho  position 
of  tho  suppression  pulse  and  honoo  tho  efficiency  of  tho  sot 
at  its  minimum  working  hoight. 

The  position  of  C.40  was  altered  to  its  optimum 
position. 

(e)  CV.  4036. 

The  oathodc  of  this  valve  was  found  to  be  stripped. 

5.2  Tracking  Units  (Disoriminator  and  .Amplifier  soot  ions) 

V.30  CV.  468 

This  valve  was  found  to  have  an  intermittent  grid 
oanneotion. 

V.4  CV.465. 

This  valve  was  found  to  have  a  grid  to  oathodo  short. 

V.7  CV.  469  ) 

V*18  CV*  469  )  T*1080  valves  had  oathodc  to  heater  shorts 

v!i3  cv!  469  ) 

5.3  Power  Unit  Faults 

(a)  The  two  failures  in  the  Power  Unit  were :  - 
2  CV.  4001 «s. 

In  both  oases  the  oathodes  of  thoso  valves  wore  stripped. 

5.4  Power  Supply  Faults 

(a)  100  Amp.  Rise  (Z.590129) 

This  fuse  was  blovn  when  tho  equipment  was  switohod 
on  prior  to  intended  take-off. 

The  equipment  was  switched  oh  simultaneously  with  the 
aircraft  generators,  and  it  is  probably  that  the  initial 
surge  of  voltage  caused  by  tho  generators  ocming  in  oembinod 
with  the  normal  high  current  starting  of  the  Invertor  103 
caused  tho  fuse  to  bo  blown.  • 

5.5  Mounting  Assembly  Faults 

Tho  two  faults  in  tho  mounting  assembly  were  :~ 

(a)  Tho  *M’  Type  Transmission  to  the  G.P.I.  was  inoorroot  due 
to  faulty  oontaot  in  S.R.W. 

(b)  Faulty  pin  connections  in  sockets  V/.T  &  Z  caused  the  set 

to  unloak.  It  was  found  that  same  pins  had  boon  atrotohod 
open,  thus  not  affording  oorreot  oontaot.  Cto  tho  roplaoo- 
ment  of  those  pins  this  fault  did  not  rcour. 

5.6  Otter  Faults 

(a)  Cable  N.A. 
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Pin  Y  on  cable  KA  was  found  to  be  open  circuit. 

This  lead  carried  the  video  output  to  the  tost  sot, 
providing  a  wave-form  on  the  tost  for  sotting  up, 
purposos.  This  video  output  lead  is  of  sorooned  uniway 
radio  and  is  metro..  vulnerable  at  the  soldered  oonneotion 
than  the.  other  loads  making  up  tho  bablo. 

(b)  Heating  in  the  T.R.  Unit. 

On  three  occasions  on  two  different  T.R.  Units  it 
was  found  that  af tor  a  period  of  ono  hour  or  more  tho 
gain  of  the  equipment  would  gradually  declino.  On  removal 
of  tho  cover  of  tho  T.R.  Unit  the  set  would  recover  and 
oontinuo  to  work  efficiently.  On  replacement  of  the 
cover  after  a  short  period  the  symptoms  would  return  and 
the  set  would  drop  in  performance. 

It  was  later  discovered  that  the  modulator  valvo  * 
was  not  driving  the  magnetron  at  its  full  power. 

The  gradual  deoline  of  the  modulator  valve  .might 
have  caused  the  magnetron  to  be  pulBod  at  lower  power 
when  the  T.R.  Unit  became  heated,  causing  the  gain  of, 
the  receiver  to  drop. 

5.7  Faults  of  Components 

Out  of  21  failures ,  14  failures  were  due  to  Components  failures. 


!a)  T.R.  Cells  CV  .2312  2 

b)  OV.  404  2 

o)  CV.  469  4 

a)  CV.  468  1 

o)  CV.  465  1 

f )  CV.  425  1 

g)  cv.  4036  1 


6.  Conclusions  and  Reoanraendations 

6.1  It  is  concluded  that:- 

(a)  That  the  diode  CV,  469  was  tho  weakest  singlo  component 
in  the  equipment, 

(b)  The  valvo  whioh  caused  most  other  failures  was  the  CV. 404. 

(0)  Tho  rate  of  failure  of  other  components,  was,  for  tho 
oomplexity  of  tho  equipment,  low. 

6.2  It  is  reoenmendod  thati- 

(a)  The  mounting  assembly  should  be  ohookod  at  intervals. 

(b)  Tho  turning  of  tho  T.R,  Unit  should  bo  oarried  out  on 
suitable  permanent  echoes  to  oliminato  the  possibility 
of  mis  tuning  tho  Klystron. 

(0)  Tho  sotting  up  of  the  equipment  should  be  carefully  dono 

to  onsuro  the  serviceability  and  accuracy  of  the  equipment. 
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